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FOOTNOTES -

Abbreviations used: LAMP, Lysosore Associated Membrane Protein; , f-PAiE.

sodium dodecyl sulfate-polyacrylamide gel electroohoresis; PBS, phosnhlte

buffered saline; HBSS, Hank's Buffered Salt Solution " NP- 10, Nonidet- P40 - .A,

Bovine Serum Albumin, FBS, Fetal Bovine Serum.

*Present address: University of California, Berkeley, CA.
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ABSTRACT

-Several properties of the lysosomal -embrane glycoroteins LAMIP-i and

LAMP-2 have been analyzed. Each molec-,le .,as strrnnly associated with -' .t

lysosome membranes and was extracted only in the oresence of deterqent. 4 -",W

Studies of the biosynthesis and process inn of the qL/cnDroteins showed that

each contained a polypeptide core of ,pDroximatelv 43,000 dal tons as

identified by use of tunicarnycin and endolvcosidase H. Nascent glycooroteins

pulse-labeled for 5 min with [3S]rthionine were ar:roximately 92,000

daltons. These precursor molecules were processed in 30 min to highly

heterogenous mature glyconrotein, nf anrcxi matel 1!0.000 dal tons (LA.1P- I

and 105,000 daltons (LAMP-2). Conco:,itan witn the increase in apparent

iiulecular weignt L:e olecules becarie endonivcosidase H resistant and acquired
S

sialic acid residues, indicatinq that they were conversed to colpiex-type

oligosaccharides. The final maturation of the qlvcooroteins was blocked by

monensin. Immunohistochemical analysis of tissues from Balb/c and Beige/J

mice showed that the molecules were pr sent on lnv types of cells, cnni, tent

with their presence in lysosome s. Tihe patterns of tissue expression of LA1P-1

and LAMP-2 in the two mouse strains -were the same except that the intensity of

staining of LAMP-2 was less than that of L•,P--1. LPX.IP-2, but not LA>P-1, gave

a decreased immunofluorescent stainingi inten s ity in transformed HaNIH as

compared to NIH/3T3 cells. The marked similari ties between the L ,XP proteins

raise the consideration of common functions, possibly associated with the high

oligosaccharide content of the molecules.

• .%, .

( I.



IN TRODU CT ION %

Lysosomes have a central rol e inr cce Iii hnfnVos ti s as s ites for

di ges t ion of f orei gn ma ter ia ls and f or le'Jiada ti on of i ntracell11ulIar comnonen ts

undergoing autolytic processing (de ive , 1993) . Recently, several re ports '

have described glycoproteins associated w-ith lysosonmal membraneps. These

nolecules are of interest for their possible role, in the hioqenesis of

lysosomes or in certain sDt-ciilized fun.-tinns; .ich as fusion with othe r

ves icl es , sel ecti ve recoiniti on and transport -)f molIeculIes . ves ic 1e

aci di f icati on , and res istance to 1lysosomalI hydrol yti c enzyme~(.s.'L

We prev iouIsIy i denti f ied two il vcnnot i ns of !'oJsa cell(, 1s Sn12i r i c,11IY

local ized in the Ilysosona] membrane, LNO1-1 of 105, 000 to 115,0100 dal tons and

LA MP--2 o f 100 ,000 t o 110 ,000 d aIraon s ( Cheon et al. I oa, Cheon ot i I. ,

1985b) E lectron mi croscopy w ith fer-r- i t in br idne l abelI inq shu,.'od thaIt bo th

were local ized just beneath the 1 imiting lysosorial I mmbranme of lamne "dense

body" 1 ysosomes and smnalle r mul tives i cul ar 1 ysosnein,. U/2.'-11-1 ano LtX b!P-

appeared to be di fferent po1 ypept i des as indi cated by tryp t ii : ppt1d 1pPmq %

seq uen tial i1MIMno prec i p i La t ion CThen et il. lOha) and N -te,-rainalii am ino ac idk

seq uonce an al ys i s (Chen, un p:mb i iheu) Add( i t io n al s tu d ies of1 LXI P- IS U (19e s ted

that the molecule con ta ined d I arge numoer of N-l1inrked ol i yosacchar i des as the Y
35,-

glycoprotein p.ulse-labeled with [7]mithionine (andi tT'Cato(1 .. ith

endoaglyc os id ase yI yieldetod a c ore p oIy p,,p t ide o f 4 5, 000 -da I ton s (tChen e t al.I

1965 b).

LAMP-i and LAMP-? were compared( .i ith other recently described 1 ysosomia I

membrane glycoproteins. Reqgio et al ., ( 1934) and FCUqard et a11., ( 198%)

i de nti f ie d a prno ein oi0f abOU t 100 ,000 dalI ton riersont both, in ly, osoui~s and

prel ysosomail u(Idi'0 'i cies . P olyonmalI an tibhodies, aqa inst this; pro tein I ;
reacted with a gastric nucos al H /K A llase arnd it was sung(o"ej Le hat the

protein may be a comporient of the proton puip involved in yes .-icld

a cIdi fic a t ion. Lew is et al I, (195) dcr hod (,1lIyco pr o te i ns of 190, 000,
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100,000, and 80,000 dal tons located in lysosome mambr.nes. The Y?0, 11) -1i ton

component was found to contain a 42, DO-dal ton Do] vDotid oe or .nd rt le.t

18 N-linked oligosaccharides rich in sialic acid. In addition.

Lippincott-Schwartz and Fambrouqh (personal coi:-muni:ation) have identifi-d a

alycoprotein of approximately 100,000 daltons in chick embryo fibrnhl ,s that

yielded a core polypeptide of 48,000 daltons; this ..rliecule ,as lor..t d

predominantly in lysosomal membranes ,.ith smaller fr-ctions prosnt i..

endosomes, the Golai apparatus and the plasma rn,,.r. ne

In this report we describe the further characterization of L":.IP-l and

LAI1P-2. The mol ecul es were very s ii ar in th-i j ntt is j-..nl oi - '

in vivo and both contained a lare number ot "I-lirkel. in v si i

ol igosaccharide chains. The similarit, in ol inosaccnririne comp.os ition

these glycoproteins and those oescrioen by Lewis et .i35) ....

Lippincott-Schwartz and Fambrouqh (1935) raise the possib i] it, of coron

functions that could be related to tne Dionenesis or fu!nction of ],Ysoso:.es.
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MATERI'ALS '\Nr !',ETH9PS

Anti bodies

Mon oclIonalI an ti bod Y in t i 1,0 *7> , r' Ir rnr)I olCl'

rat immunized with a membranie fracti -n of inr~ e .o31-3 cellIs (Hijahes, ind

August, 1981) . Monoclonal anti ,-A iti 'JA%1 '<V . as (or iv'd from-

s;pleen cellis of a rat immuTiini7-d .jifth i lentil VrA eh r0fr~ !"ion of

Bal b/c 3T 3 cell1s (Chcn i 1 1'35

0

NIH 3T3 cellIs (Jaincn il I ot were ,-i innd trom Dr. Bon lit- or

the Frederi ck C ancer Inrs ti tute. MU lnnj ,ore nised it nassaqe 4. ii -N lb ci I 11s

(ScolIn i ck an d P ark s, 1974 ) and(11 P3,'JD 1 Thev acn 1t 9 .1/2 I ~rc otoIIt me-(i s

previously described (HU(anoS ao A!;cmuSr . 1931) and mnain La med as os -r- dr % d

(Chen et a]., 1935b). A

B ios vo t he tic 1 abel inIIn ot f %

H aN IH cell Is groq to 30 - ) percent carl~iec_ in /3l 0 IDcam or 1>1 C

flIasks were washed wi th warm H ank 's B~uff erc' Sal t Sol1ution (35) (G ib co

Ch icago FallIs , Oh io) an d cu l tuir -t .i th 6 in]ls of iii(?th ion i n o--rrw .1~ (5iCo)

for 2 h at 371C. The cellIs were then pul sc- 1 a5,e1 wirj th 6 mm;1 a f I abling

me d ia [nu,_th ion i nc-f r e me d - a s upp I enpnen ted .,"i ito 12 5 aC /ni off L~V h i on i e

(Amer shorn, ArlIin gton Hei nhits, 1L) for 5 mu:' or as in di cated in Lb,( te xt .

Cel ls were then washed two timies wiith wjarm ilSSad olotd m eitly Or

incubated with Dulbecco 's mfiniMal ess, nt al md Cacontain ing 10 perccnt fe tal I

boy 'Inc serum for the, ti mes indi ca tod inr the. text. T hef in h ibito rs to n icamiyci n

or monein, epr e s2 ted tmsin a t he Ut toextL were ad ded vi i tb ea,'ch o f th e

ra d i a . Cei Is to be b O(veS too were wash oud three, t i is with PBS5 at 4'C. ro- !nv od

from the plate by s cr p i rig, and rol lcted by con tr i ftgot inn.

J. 'r e IrSe S
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Cell Extraction and Protein ImmunoDrecinit tion

MetabolicallY labeled cells iere extracted .,ith a Ivsis F1jffer FJO mM

Tris-HCL, pH 7.5, 0.5 percent Nonidet-P-"- ( 'P- ,9, Particle Dta Inc.,

Elmhurst, IL), 5 mM EDTA, I mM phenyl7.eth/ls,,!f, nv fluori , . .nd 0.15 711 ,NaCl

(Hughes and August, 1982)]. After 30 min rn ice, the lvsate w.as freeze-thawed

three times, and the detergent-insoluble material .a.s re-'ov1 bv

centrifugation at 1no,000 x a for 60 rain it i. . T .e sol., extract

containing 1-5X10 acid precinitable dom ,.i:s inci.to witn ?]0 -I

monoclonal antibody from tissue cul ture suDernatants for I h at 4'C fol owed

by addi tion of a ti tered amount of os, in i-.. . 4 .n zi crdv and

incubation on ice for 5 h. ih e an i , t n71 . en coma axes were washen twice 5'

with 20 m'M Tris-HCL, pH 7.6 contain n a n 2. '1 COI, 1 m; EDTA, 0.5

percent NP-40, and once wiith z 0 i::I Fris i-1 an 7 .3. TI Dreci itates were

analyzed by SDS-PAGE under reducing concitons LaeCrf:n i, 1i fil owed by

fluorograpny (Bonner ana LasKey, 191,1) , -n-.s s ;)anerv Ise ,.c, icacea. Molecular

wqeight standards e.ere: myosin, Mr; 3,3.3, a-niacCuOsidas-e, Mr 116,00;

phosphorylase B, Mr 97,-00; 3SA, M.ir 63, 03 303 nolymc:rse s,;Dnit, '.Ir 43,000;

and chymotrypsin, ,Mr 23,0')0.

Light Microsconic Immunohistoch--iscry

Light microscopic inounohistoche:clistry ias performed as described

(McMillan et al., 1931). Tissues cibtained from Balb/c (Charles River) or

Beige-J (Jackson Laboratory, Bar Harbor, MA) mice, were frozen in liquid

nitrogen in OCT mounting compound (Lab-Tek Products Division, Miles

Laboratories, Inc., Naperville, IL) on brass chucks. Four ,im frozen sections

were applied to room-temperature slides precoia,2d .iith 0.5 percent (,!v)

gelatin and 0.05 percent (w/v) chromium potassium sulphate (Fischer

Scientific, Pittsburgh, PA). The specimens ,.ere immediately fixed in cold

acetone for 10 sec, air dried arid refrigerated until use. Immediately before
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staining, sections were fixed in cold acetone for 3 rin, air ,ried. rinsed in

phosphate buffered saline (PS) for 10 min, and Drocessed as fllos: , )

incubated in 0.3 percent H202 in methanol for 10 rin at room te .erature .

and rinsed for 10 min in PBS: (2) incubated with 100 ,l of a 1:20 dilution of %

normal human serum (type A.B+) in diluent buffer (P3S) contiining 3 percent

normal human serum for 20 min at room temoerature in a huimid chamber and then

rinsed in PBS for 5 min (3) incuib-ted ovrnir.ht at T C ,,.ith O0 -Al of a %

1:10 dilution of either ct-LX iP-1, a-LN',P-2. 5D227 or P3x63A,3 hybridoma

supernatant and washed twice in PBS for 10 min; (4) treated with 100 ul of

horseradish peroxidase conjucated aoac [qG anti-ra1 mG Kir<eqaard and Perry

Laboratories, Gaithersburq, MD), 10 ul/ml in diluent Duffer, for 30 min at

room temperature and washed twice for 10 min w,,ith PC3S; (5) covered ,-ith PBS

containing 0.8 ug/mI 3-3'-diaminonenzidine tecran,,,cirocnioride and 0.03 percent

H202 for 4 to 5 min, washed with H 0 counterstained ,itn M, ayer's

hematoxylin for 30 sec, dehydrated, cleared in xylene, ano mounted in Permount -

(Fischer Scientific).
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RESULTS

HOnniohiiic Prooerties of the Glvco-r,-,teins

The asso c ia tion of L,1P-1 and ' .P-?. ,ith 1 ,'s, cc . . - ". r- -n - ' .

by use of a variety of deternents -,nrd ch ir ....... .

glycoproteins into a soluble fr actic-. 's i;otc u

cells were incubated with the va r in-o, ,- . ,,

100,000 x g. The sucernatants -;iere re1i .. . '- v

lysis buffer containinn 0.5 percent Nnn idet P-,O Glvcccrzeins ii u-

supernatanit ("sunernata-nt'fl q'I xr~ '.---.-

then imnunoreci pitated and anai vzrC DvI -...- L -ad" 2we e c a r -n n . -

L .I - and L :- I P- 2 w er e e-3c h -: x tr r .. . ,c . . . .. 1. . .:-1

Triton X-100 or Non ideot P-4). The i I : ' S )' . r II

pellet -mnen cells were extractec witn ew'i. i. .i . . .

1.0 M urea, or 5 mM EDTA. T hese rem % 2 :;' : n m... ... - 21 .s u i n -

had properties of ampiiDhii ic moo. : :. , : 'i, . ,

with lysosomal nembranes .

Biosnthesis of th -  Glvcooro ins

Precursor forms of L ,MP-1 anc L.,. 2 ann process i' :o n ecu w wer'

examined by pulse-chase Iabeling ann,, recipcian. c t i ceis were -F

pulse labeled for 5 minutes with3 nm'V ,.ui nf and then icu a e ,ith .. .

unl abeled meth ion ine fcr di fferent tiaee. p: i ;::no recpi tates c)ta ined by use

of the an ti -4A>,'P- I or an ti AY-2 a-n ti b; 1m by 333 -PAOE7

LNIP-1 and LAIP-2 present in thue 5 :2: pul'-- 'PeJ fractin (0 chase)

and the early chase fractions apn e r- m 7i1 tiii ,ip for::s ranginq in ap uet

molecular wei ght from about 83,000 to 92, f"lC,)  (Fig. 2) Thece precursr for s";

were processed to ,,ature molecules of apr)roximately 110,20 (LorP-i) or

10,03t bu 0 MinuJt c- af ter '* 0blio hr

105,000 (LMIP-2), beginning at opuLe-abelg. There

cons istently was reduced label ing of 'IP--2 by [35S rtiion i ine. %

"1,-.Z



Effect of Tunicarnycin

Asparagi ne-l ink ed ol i osaccharidles are vom i vji ,

hiah-mannose precursor (Glc 3'Man GlcNAc.) .,jhich is tr--isflrr-,i

co-translationally to nascent peptide chain,; dnr rin thernsot C~

membranes of the rouqh endopi asmi c reti CUl;'1 1, ?vi~dh a't~ 1~

Kornfeld, 1935). Tunicamycin inhibits the fr-tirn nl i ln -i~~a

precursor ol ioosaccharide therpby rorevnntine -< a ' c. ~--~

(Tkacz and Lamoen, 1975). Analy/sis of +In~ W~n:cn0

indicate the presence of N-linked o1 igosaccharides on the ma3t ijr,, mlY e el 30n0C

reveal the nature of the core nol vrenti0

HaN IH cell Is i ncub ated i n th e or es ence o r ;n I ra.'in'r :),1 ?.K;:

with [ 35Sltmth ion joe and LA'l1P-1 and LA0lP-2 'r inai0 10

detergent extracts of cellis. Molecules wr rsn siu1.

pol ypepti des, iMr -42 COO f or LAMP-I (F iq. 3) 'nn'r -i -1frz-m!*d

not shown due to the di ff iculty in pnoioqratui cal I,/ rci n :a :'~

labeled LAMP-2).

Effect of Endocilycosidase H1

The Glc 3Man 9G I ciA c2 ol i gasacchar ide-s taStcAi to ju Ion j-) D TI e

q ui ckl1y pro ces s ed by a s er i es o f e nz ymies pr es ent i n th e r ojql. enao asmi cS-, I

reti cul um and Go]lgi apparatus , resuI ti rn i n ih reroov al Of tnei au=os -- nd

several mannose residues. For those glycoproteins that trave-rse the Golqi

this is followed by the addition of other sugars characteristic of complex

ol igosacchari des. Pr ior to removal of the mannrose residues, the%

ol igosaccharide is sensitive to endo-z -N'-acetylgilucosaminidaise H, ah ich, acts

specifically on oli gosaccharides that co~ntainl four or manre mannuse residu,,es ,

cl eaving the carhboh~iirate chain betw,-een the two proxic i-l, GlIcNAc res idues

( Taren tino and Maley, 1979). Trea tmenPt Nith endadlycosjidase H shoul d

therefore confirmn the presence of h ijh wmInnose cli gosacchar ide-s and yel d a

product that closely resembles thle core pol ypeptid(1 synthes ized inl Ut

presence of tun icamyci n.

-.- *--- %. . . . .'-..- - -'V



HaNIH cells w-ere pulse label ed rtrnr'r :.it b

and LNA1P-2 wjere inmmdiately immunopreci ni th md,, frcm cul 2/i-nd,'fl er'il

a! iquots of the immunorecipi tates ,-ie ren trad ait (-a :c i asner 4 or

control buffer. The enzymne had a markerd efa on oat)h k2 '*3 -1  ?

The pulse labeled, unprocessed olvycoorote'0ins i

bands of approximately 43,000 ,-nd 45,000 di ta-rs fo)r c

resIp e ct ivel-1y (Fi a. 4) . The rtrr.dco A . . . . . .

precursor forms of ot0 .l'a -

The ef fect of endo a]ycos idaseP H was also s tudied ,.Ii tn .cP ' 1i;->ee

and chased for varyinri times,. P t rf' , i r<- ~

L -P-2 w-as accoamoan ied Lby an in rr,.s- in ma'nt 0 ::r<

y1 co pr ote ns a t ab out 30 M in T) te I120a' atn

polypeptides. as seen in Fri. 2. Fii:r cn: '± 22aemr y

remov al o f mann os e res i 6u es f ra~in me n 1 (:11 1 :1aeca i

,,I-a ce tyIglIuco sam in e galacts, uos s' e ,±mc' 1:, -': 7"S --- S-, r

o f c om pIe x oi igos a c c har d es , aun (I P!' u ,n

ol i gos 3cch ar ides . Supp)r t f)r- ,h i';, "m±.;:rmm~

en dog]I yc os i d ase H1 cn s -isi :iaa ar ± :i ... .

pulse-chase label in. The r- r S lyc c- S

endo)glycos idaseHo'r310 5,ai 1 *fl

th e 5 mi pu Is e- a n' Eo it n7 2I C S'IS t) "h'I'

b e twe en 3 0 anid 4't0 n121 ~ae ~e 3'' L>'; o t mt~ m

pr ote in s sh o-i ed th e '2 '1'' fl ± nf s n ' *rc i t f

90, 000 -d a t cr pre c urt S ] cra-ii ,I 'I s' 'o a o11,C-- 1 ' vt ro

fo rm7s (D OoU Za, Unp'j s~' h

E f f ect ofTn an

Further evidenrce_ of T he role- Oft:vi< ~jr~u in the ter::lna]

process ing LAIP-1 an!r L I^%C-P-2 "*:-A in t ,I

rnonov al eut ionophore , m.irkedl y o ftects n';r oif euk arYa ti c cellI furict i ons
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including the post-translational modification rf /l ,rrC rof ;i n in 'h- t2
%--~

complex (Tartakoff and Vassall i, 1973: Strauss ]nd Ledich, ")22: .unscrn .,.

Spear, 1983).

In the absence of monensin, LA.P-1 and LAIP- ?'constrated 'hi '."'eted

90, 000 molecul ar wei ght form at T=0, and were nrocesr , t cT - 122 ta th m tc e

forms of 140,000 and 125,000 daltons in P3H, ac ne ,i ... V. rnti v-1v

(Fig. 5). In the oresence of monensin, at ,'crcnr-ti, 2 s '. is fl '

both LAMP-I and LAMP-2 at T=120 w.jere ,oth )rosm is c e 7 ' < '2

S5, 000 dal tons. The same number of acid-oreci ci taole counts wore incluIed in ...2

ea n immunoDreciitation reaction, anci ther- .,. , :i ,r ,n tr,
35S : :

incorooration of S-methionine even at nicvr- '- r -n , i i,'st~fl

that there was no significant effect or tne c"-:' n rTi -,I , , ,< ;r"

metabolic deqradation of these anti cens. -n :s r ::,eu: r enLt' w ,im 2,"

cel Is gave similar results.

In Vivo Exoress ion of bVAiP-I and L 2--

The in viva express ion of L2.,P- 1 nc L..P- ., ',

microscopic immunoistochemisry o1 tissues ]r m;uc;u.

(Figure 6). Beige-J mice have an iniierited r :f--?c" in %ys +sev;i uco ici .

O
leadinq to a Chedia -Hliqasi i-Ii Ke syn dr:;n (Cii et 1I., 197,: Fr'ncr i e t al.,

1973). These mice were exam cin- to ascertain ,Ineth or ni), tn"-re 'any

gross alterations in tissue exoress ion of LA"P--I or L,,P-2 accomoaM ug The

Beige phenotype d.,h ion is characterized by gr ,n,,]at i, o ano is of 1 euocytes

and gigantism of cytoplasmic orgnelles C'it' pe . 1933). i ad

LAM1P-2 displayed ess ntia1ly i denti c nI tissue st in i< patterns in the t.4o

mouse strains. Increased stain in: , A- i s, cunpir A to LAMP-?.. as

consistently observed. This .was in accord with eviLuce that Li- s I i,' so

abun dan t th an LAMP-?. Bo th an ti nis were notal 1 y fuund in macro, haqes and

epithoeli l cells. Stain ing was predo, ir utl y in trace 1 ul r . At the Ii j(ut

micros,'opic level we ero not able to resolve any i ff o rco s in rcytpasmi "-) _m c

%.'...



distribution of LJd V-1 or L/.AP-2 in Balh/c c~~D I 7:

control immunoglobul ins in these expe!ri-ents PIP.~. -

an tibody, IgG(''a), ,iiiich r e3cts -Jith a po v.-rr'c:2~~~.:n

Bal b/c mi ce ( HUnh es an d Augaus t, 1921. ?io Un'

Both gave minimal nonspecific antib ody h~oi'

A Drinci Dle Site of express ion of _~~r- ~ <

cellIs. Stain ing .,as ganujlar a-nd cyt- '---"-

st3inlin-i ,,ias ool rz- -ith rresrict o~- .

in tracel I ul ar s tain ing was observed in the vi ob- enj q h~iy~o~~o::

s,,rfa c.3, a Dica c3I(vtnon Ias m o f ei the il mY I :-,

(Flr e OF ),basaI cto DI)Sq "m Cf ell 1; ion ?' n<[*

e fferen t dj ct ul i of ti, ( on iid%--)i S Kin j 1:i ~~'n:

cencntration of tnas e an tio~s ,--n< i 'jo~

Pin cre2a ti c a c inar cells .-er e noS Ii/ n0 -' n2':2mINT;>r.

the islets ofl Lamoernans w~ere intenseiv sta;:ec F r- .

honatocytes was conceontratecl in a i 1 ~ :~r~eo r:*si

or-3ns , in clIudi n q to e I ung iuK F 00 'A, % 0,7) :>

nodes, sta inedi iZesl.L'pove;.t~i 7 ' /*~o';c~:/

The antigens were also di ffuseiy l oca-uILiCjo -L rLj o rc n~

ma tter of the brain , with a s I ioh t iricreoaSt:o r S,: ri ni Peo rurKi

cellIs as compared to t.2 gran ue c., cooj IN..~ cyr. Go rnos

the nervcyus systao i ere not stain> C.. S2 Io ni' S0 70i n s 7 Ati sues

including smooth , c ard iac and s'< e~ ooa: cY a~ "I 'dcn hore,>

minor staining in the blood vesstelwe .

Exor-s- inn of LA1'-P-1 and L,'2i '~-' - .

There have been reports that lysn-lco- .- dl ly ss al, int-Ir'Y :Iy >

involved in cellI transfor;-iiticn (Z~ j a, olnl F L), 17)4) F is r ea, uo

we h ave compared the express ion of L~) ' L4- 2 in 112 3-1 1-, en jo ono

cellIs and H arvey sarc-'~a v ir us tr ansfr A 4Ld 'T cellI-
PIP



The irnrlnof u or oscence p i I1 iza tirn i tr, q tix rix; ~ -- in h~
types of cell1, wi ith a ves iul ar per in iuc er sti n nr D tt -rn con-, r ,2n t wit h

that of the lysosomal local ization of these atqn Ce ~ ,95ao
(Fig. 7) . Howqever, while the pattern of distrihiutiron cqf L-.- e< as

indis tingu ish abl e between the tw,,o cellI tYDOeS, inte1nc 1ty of st in ina ofv
LAMP-2 was greater in INIH as cornoared to HaN!H. This, diffe-rence betweipen the
tw~o cell types w,-as not detected in the intensit 4- of S t i41n (I o f L , P-i

S%41%

%

%
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In this Study we have cofmparEd, som a t',,i -

LXIP-2, t,,ao glIyco or oto ins spec'ficajll I Io tl.. 'j~ j ~~f'LP

absent at the plasm rombrane or in C~hv~- I Imea s re

markedly similar in Many of their proncrti; -. n'r ' n :,chre

structure, and in cell and tissue ern in. s vo;v cr d the

membrane distributions of the molecle -7 1 
' ,;1 r Op a'

ide ntical (Chen eta. 1925 a). 9T .a, ;.~' 't' rooe

it cons ti tuted 0. 1 percent of total *eterqent extractod c2,]1 nrote n ana, '.,'en

abePIed ,.i th ['H -1l'co-, ii ne, theP irnTitn r,-,r~o~ min -c - n ted

for abo, t 15 percent of the totil m -no * na t rcintoh

twao-dimens lanai qel 21 ectroonores is (Hirnues inc .'un S. . l

concen tr3 ticon of LtkiP-2 h as not deo LIl:. ift- crron- nt tho ',i zi I C r - aCLV I ,' S

of the irl ecul e and the incorporation or sunair sun)s tr atm_ win( e cnmpa.ra- le toA

that found wi th LXlP- I. Bios yn thet i c i anlinni of L$'2't

[ 3S]n~th ion ine w as frarkN eI Ij les; to- -n t fo cr WK'- li t naui

attributed ei ther to the conc,nLtrin r h~f ain te ill-c or

rate of syrithes is. G Ilyco pr ote i rs a. i til c, i ! I i r pr n;e r t ies -cr e as r Iiucd b y

Bur ns i de and S chn e i der (1903?) as nijor ccfln t n ts of yso oo:1u j eI Dr an es a f,

by Kato et al . ( 1934) as consti t iting 5 petrcent o, the to)tal prot-,,in an d 10

percent of th e emibr ane pr o teo i n ofC t r i t T mus I t i s Iue) exp re- a1 n o f the

molecules in the nyuse, includi ng the le :eJmtc, ionotr cai 11 ydonCifen t in%

1 ysosomal function, also appeaired to 0 I dn al . hotoprto -so pr esen t

i n celII s k n crn to con ta in h i (,. con c,n 'Traton o f vnc;. n al t ia

i nten se s ta in ing q(if p ancrfi t ic i lt cl I'L .n- a r ti ort ;talin inj

in ac in ar cells s u (1jepS ted th at [bo th l /oc( t n:, -a-r a,_a coi nt of

secreory and s toraqet granules. foshc v in-tr inrperidtt exrs ron

o of IAN1P 1 I a(1 LAINP- 2 was ol) tj i ne(d if 11 i co ;)tr i n q t h iomn) l is" toc-a 0 ckal 3

s ta in i ng o f the pr o te i n i n d i f fe(reont cLrel I int-. I n ropoa ted xjwri nen ts the

A-
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in tens itv of immunoflIu or escent l abelI innr of LXP V2 in Harvey sarcoma virusr

transforned NIH 3T3 cellis was redujced as comoared to the !intra7nsforrmd Cci is,
0..

wher eas th ere w as no di f feren ce i n LtX1,lP- 1 e x ressionn h-2ee the e o els.

Distinctive features of LAMP-i and LAMP-2 *.~othe hinh concentrations of

oligosaccharides. A model suagested hy the data is thit the 1ly/copr'Ote ins .

contain a large number of asparagine-l inked hirnh mainnose, ol innos 3ccharides

added cotranslationally and then Drocesse d to chain senueincrs folnd in

comlex-type oligosacchorides. Studies wi.4to tonic x'-icin, ..jhic I blo cks PP%

assembly of the li pid-l inked ol iqosaccha3ri de Drecursor. indi cated that the

cor e polIypeDot ide s of LAM P- 1 an d LVWlP- 2 -.!r o s vn .n i is TT)o c c iis of 2,CD')

and 44, 000 dal tons , respectiv ely. Th es e r esi ts ... re- s u:,, an T t d by the

effect of endloglycos idase H-, .,n ich ac:ts s D,-n 71 c, I r MO-i an

ol gosacchari des. The approxi ma tel y 92, (DUO i( ta-n irx-nc-nr 'u I v o Vf 1. in';

35,
pulse-labeled with [ S]neth ion inc f or 5 !nirn i ;.; ea

immunopreci pi tation were converted by the enzy~k _La 1) Ou. I>Oi a 1

43, 000 and 453000 dal tons forL~l-1adL~-,re esv ?* .,~

also indicate that the mul tiple ancs of tile, Dr cjr-ior- e;'. ar M.,i3,

SDS-PAGE analysis of the unprocessed, pus-bied smtS can l

to heterogeneity in the asparag inc link"ed hij ohi iiirnnoe core j 1 i eai acc, an 'ws

of these glycoproteins. The core poiy ,eptide!-s nlbtiinr-d ONr.u'wt.~tiA

t un icamyc in or en dog Iycos idase H aere prensen t a-,S si!) ,le1 Dan . Th "if'r en ce

in apparent ml ecul ar wei ght betw.,een the approxima,,itel y 13 , COOA-dal tan core anld

92,000 dal ton precursor molecules woul d be SuJf f icicnt fcr, .,s ma1 ny as 2'-0 to 25

high rrnnose chains per pol ypeptid62. Lew. is til. (1915) di rect ly

demons tr ate d a t l eas t 18 as para3g mei - lked oi ' Jos1-a c Ch ar i det-s en1 tn e I 1.

Sub seq uen t process i n o f th e ann ose- rijch pr (cur sor to ma tunre iml acul 1 s2 of

110,000 and 105,000 for LXN1P-1 and LX-I-2, re, p."ctivily, can be attr ibu ted to

th e fortm ti on of compl ex-type, h i ghl1y s ia I ia ted o1l i gos acch at- id(es . The 5 [illr

[35 , ]nm- th ion ince pul se-lIabelIed [Tl IerulI es bncaim) r es is toont to end)l vc1 idaIs 0

%I

% 'A
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H after about 30 min of chase. incubatio)n, co,-r-,snnnlin- to he o'rn

the -.ture alycoproteins . Simul taneousl1y, the nml ocJl s h-ocam

sialiated, wi th a l ame nu mb Pr nf a cid-ji r i n ~r e-o r r4.'

ta,.o-di mens ion al gel el ectroohores is, parti -11l r 1v -sh L' Wncn i

more th an 16 dis tin ct fractions between o9 4. 1 .-nd 7.0 'Quo .-

Neu rami nidas e el imi nated thes e aci di c -orms vio -Ji no r7 ~)20 2 ~ ~

alkaline pH (Chen, et al ., 1985b). The lbasis fcoron u '

rrolecul ar vwei ch t dur ing termi nal process inni i s oao;.r0

markedly heterogeneous in that the apparent molecuiar i~~n C a'

3 g Ilucos ai n e-lIabel1ed Q1 /coor ote in acnoer ei or - t-r on n

[35 S.Imthionine-labe"Ied molecules or protein tnl*'i --

Coomassie Blue (Cher t al., 1935a). I'tn'l - 'r '

of the protein contained a mrajority of tne irco os io'0

heavily glycosylateci fraction corresponuiinqiv siaaoe a: '''

mlecul ar weights. ine eiect -. as not otzris:-.:- co ; ~ ~ -

no comparable effect of riejraenii dese ciiuoaor.

inens in blocked the increise in ap:)re' i;JI u '- *,-'

molecul es of abou t 85, 030 dal tons , sIi i t',y s. -,.

pulse-labeled precursor of aboujt 92,GCOjO dal toDns.GoigY n

unpublished) sh., that monensin !,ar.<edly, red-,c~l 1,ne r ae .2 s on:ft

h igh ma..n os e oIi gos acc hari1da ,s an d it1- i Ss s-cc a "-'j at S-_:-.1 DT 5 2C rri

during terminal process ing in the Gol gi and r .-.o to ',ne ao :nt co Ie n0

molecular weight was blocked by the dru.g. Forneeme toeh .r oe o~

migration in SDS-PAGE electrophiore sis of the21 io,.:--Insity 1 ip op ro tn rece pto r 4

has been related to 0-lin'ked res idujes (Cu-oni ngs, t i :. , I10_)3 and it" is

possible that there is 0- 1 ink<ed glycosyla ion of the, LAXIP proteins in, the

Gol gi

These resul to prov ide, ev idencc tha t tho b iosynthes i- of both LA'P1and

LX1P-2 i nvolve passage through the Gol gi ippara tus and process iog of the

%V
AL %4



N-l inked high mannose chains to complex-type oliqosaccharide . T h i Iik elIy

differs from the processing of lysosonal enzy-nes w-hich do not anr)ear to

traverse the Golgi system and are modified by a highly specific

mannose-6-phosphate recognition system catalyzed by enznes bel ieved to reside

in the cis Golgi cisternae reviewed by Kornfeld and lKornfeld, 1985). In

repeated attempts, vie have not detected phosphorvlatinn of the L ,,P

gl yco pro toeins. Mor eov er, we re ceontly/ have i dn t if id i monle culIe i n hu1man

cells that is horrulogous to LAN.P-2 and find this gl vcoaprotein markedly

enriched in cellIs derived from patients with I-cellI disease (1I)or

pseujdo-Hur ler Poo )Avs trooh y (LI I ) (Chen.,i unuDlIsd. Th-se cniseas:eS are

characterized by trie absence of the mannose onosonate recocni tion Mar ,er on

lysos onalI enz'Anes an dd imi n isn ed c] (- bjIir con can r r tions or tn e cncc .'e

Th e re centl y des crihbed Ilysosomal1 membran C IYC0 Drote inrs ar e simi i n

s ev eral pr oper ti es. One recmarKan)i e correl ati on is tn nionj corten t of

N-Ii nk ed ol igosacch at, i e. Tine ra t proate in I )1o1 2 o f Li se ta] 1 5~ theF

ch ick en CV24 an ti gen of L i ppen (ot t-Schwjr tz an di;Icv.. d L,%:. P-j ;:n dI

L" P-2 all contain polypeptiu'de cores of ,oo to le w i

moci fied by h igh mannose ol i gasacchar ides to precursor gl ycoproe iris or 1Dc:,,t

90, 000 dal tons and processed to ma ture gl ycopro teins of abcutj I 110,00T0 to

120,000 daltons. It can be specu Ia tcd th at th is h igh carbchyir ate_ comb ,os i tionI

is import ant to the f un cti on of the gl ycapro Le ins . Another relatiOnship is

the pres ence of CV24 prote in an d th e 100 ,000 dal tori gl yco prote in id n ti t ied by

Regg io ( 1984) on en dosomne and plIasma mnembr an es in oddi t ion to the 1 ys osomal

l ocaI i za ti o n, wh er eas th e lpg12 0 Lewri s et al .(1935) an d LX--1 an d LA> P- 2

are restri cted to lysosornes. ',.oreovor , the Relg ic anti genl and CVU4-1 were founld

on the ruffled border p1 asml 1emm7a of os ta'cl as ts whereas the 1 pqlOO was absent *

(Baron et al1., 1985). It is l ikely that somte of these glycoprote ins are

honulI ogous . Unfortun atelIy, d i i-oct i inrnuinnl ogi cal com-,par ison is di ff iculIt7-7

because of the di f feren t spec ies of or ig in of the dtnti gens. Def inlitive

comparison of the proteins (raits peptide sequencing.
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FIGURE LEGENOS

Fig. 1 LA!MP-1 and LAMP-2 are integral membrane roteins. HaNIH ce s ,.ere

metabolically labeled with [ 3 5S]rthionine as described in ,!er!s5

and Methods. The washed cells were aliquoted into seven r

conical tubes and collected by centrifuaation. V,.r ris etraction

agents were added to the pellets at a ratio nf etractico ,qen:e!. 1

pellet=1O:i (w/w), as follows: A, Hank's bufferet ine: r, 1.0

percent Triton-X-100; C, 5 mM EDTA with 3 cycles of freeze-thao" D. d.

1.0 '.1 KI" E, 50 mM guanidine HCL" F, 1.0 'i- .

N onidet P-40. To each of these PMSF was aacei to a ni

concentration of 1mM. After inc"oation at r'mrn- r r for 3 -ii n

the cells were centrifuged at 100.000 x n for . e

supernatants were dialyzed exhaustively auainst IK'is putter i.
, 5

percent Nonidet P-40, 5 mA EDTA, I50 im:, ,'a, I :,' Tis--CI1 p.- 7.5)

and centrifuged at 190,C'3O x g for I hr aL r 2"'n n,: -it L Th e

pellets from the first 100,000 x g centr fuatin ..,er e tr:.. a.-,

second time with lys is buffer ana the suspension .ias cn tr ifuced at

100,000 x g. The supernatant was retained ("pellet). I x 10 acid

preci pitable dpm of the supernatant and the pellet extracts were-

incubated with the ct-LAAIP-1 or a-LAIP-2 monoclonal antibodies and the

immune complexes were processed and analyzed by SDS-PAGE as described

in Materials and Methods.

Fig. 2 Biosvnthetic orocessini of LVI5P-1 and LA'I.P 2 in cells oulse-laboled.

35
with5F S2thionine. HaNIH cells were pulse-labeled for 5 min, .".

chased for the indicated time, and extracted and analyzed by

immunoprecipitation with anti-LA,*iP-1 and anti-LAMP-2 monoclonal

antibodies followed by SDS--PAGE, as described in Materials and Methods.

.. .



Fig. 3 Identification of a core Dre.-r--,or .nolvnenti'I, in cells treated with N'. %W

tunicamvcin. HaNIH cells ,,,er, oreicncted nl p'iise-hbeled for 15

min with [ 35S]Iethionine in the presence (tunic) or 'bsenc II-4

(control) of 2 ;iglml tunicmycin .. c.c.. La lla ) The

cells were extracted and 106 dpn of 1cil-)r-einitible rdio ,ctivitv

were incubated with anti-LX'IP-I and the imr,-vnorecilitates ,,ee

analyzed by SDS-PAGE as described in . ., an' .'eth . .

Fig. 4 Identification of the orodicts of qIl-lled LThP-l ,d .'P- .

trea.ted ith ernidnl/cosidase H. HaNil co I-r

[7S]oethionine for 5 min w.ere inarvesoed TT, r /, >1. 22.-1.

complexes ODta .1 itned w-ith anti -Li. l i ' , .

M'a ter ia Is and ci 'ethods were soi u i ji ze j in ,,) ; , - ,,; - : r ,, .:..- .-

*1 N'a citrate, pH - .6, 0. 1 percent SDS. Q. nercant 'r- c t . nno . .1=

and 1 f-,1 P',ISF) by boi inQ for, 2 in. irPi'm:nc3eci pit, ea s ,,r e Civided "-Je';

into t,,o equal al iquots. Ls li tn its of ,ts:, rctis] ,n

[ oerinoher ,Iann ei , idi napfl is i) ,,r, ... . j o .me -s i:,' nic ,-Irlj

both eere incuiated at I, C fcr ;rs. v pr u vn ara

SDS-PAGE fol I o.ed by fl uarography.

," ",,i

Fie. 5 Monesin effects the nosc-traosltiena] uroc.nsin.op L;..lP-i and

P -2. H aII and P383 cel Is were pulse-labeled wit h

[35S]methionine for 5 min m nd incubated in the prese.nce of unlabeled

meth ion ine as descr bed in the text with the exception that 0. 2 to

10 .0 un monens in (Calb iochem) .as Inci u(e,I in the prei ncubatin .

labeling, and chase media. A and 3: L[iP-I. C an d D : L t1 ,"I. A

and C: HaNIH cells. B and D: P3S3 cells. Control cells without

monens in were pu I- I abel ed for 5 mm and h arv es ted im,,d ia tel y (an es

V ,%
-. -- .-... -. ... ., ,-, ,-.- -,- .-. ---- .- , .- '.',-'- -.
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1) or chased for 120 min (lanes 2). Other cells ere a ,

preincubated, labeled for 5 rin and chased for 120 rmin in the oresence

of differ-nt concentrations of monensin: 0.2 (ic nes 3); 0.5 <..,

(lanes 4); 1.0 .M, (lanes 5); .0 < . (lanes 1 ; 5.0 -'l, (lanes 7) .

The cells ,were extracted, immunoorecinita.ted and examined b- SDS-P ' G-.

Fig. 6 In vivo exoression of L AP-1 and LA.1P-2. Frozen sections of mouse

tissue were incubated ,.ith anti-L,'-1.P-1 ( ' , .nn-L,,P-) "b d), 527 --

(e,g), or P3x63A8 (a,c), and then processed as described in Materials
0

and methods. For each tissue examined, the secoisns treaced with

control antibodies were devoid of reac, i or c 1 v
k

of Bei ne-J mouse (a b) Tubules (T) stained intensel v ,nile I omei %

(G) sh ,. neiiiqible staining. Pancreas from ei n-J mouse (cc T 7c,

pancreatic acinar (pa) cells she, moderate oranul ar c/top Ismic

stain ing, ,a ile the is lets of Langerhans (I) stained inte-nsei'v. L:.: _

intestine fro: 3alb/c mouse (e,f): Staininq of epithei . c i ,

intestinal villi ind crypts appeared to be concentrated in tue -;u: -s

of the cells. Lung fron Balb/c miouse (g h) In tense intr3ce I,

and surface staining of alveolar macrophages (I). laanification =

x1000.

Fig. 7 Immunocytochemical localization of LA,P-1 and LA!.,P-2 in 41H and HaN]1H ,4

cells. NIH (A,B) and HaNIH (C,D) cells were groaii to 50 percent

confluency in 35-mm plastic dishes and fixed in situ with 3.0 percent

paraformaldehyde in PBS for 10 min. The cells were washed several

times with PBS follo..aed by Dulbecco's modi fied Eagle's nrdium. The;,'

were then incubated for 30 min at room temperature with an ti-L,P-I

(A,C) or anti-LA IP-2 (B,D) culture supernatant diluted 1:10 with PBS,

0. 1 percent BSA, and 0. 1 percent saponin (Sigma, St. Louis, MO). The

cells were then washed with PBS and incubated for an additional 30 min

k-



in PBS, 0.1 percent BSA and with -ffini ti-.ur fied Inv~ n i-rat 3

conjugated to rhodamine (irkegard and Prr',) in P3S, 0. 1 ercent S A

and 0.1 percent saponin. Cells were photoqraphed usinl a Zeis"

microscope equipped with eiilumination -nd 1 9OX, ' A. oil

objective. Photograhs were made with Kodak Ektacnro-e i film d

processed by E-6P procedure. All nhoto-r'...n-is e,,irg .. de t the s ,'

exposure. N=-nucleus. Man X !290. -

'%i

'-,,
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